THE ECOLOGICAL RELATIONS OF THE VEGETATION
ON THE SAND DUNES OF LAKE MICHIGAN.

HENRY CHANDLER COWLES,

| Continued from p. r17.)

3. 1he upper beach.

[n the strictest sense the upper beach is not a portion of the
beach at all, since it is beyond the reach of the waves; it might
perhaps be called a fossil beach, but the fact that it is contin-
uous with the beach proper seems to exclude that term, as does
the recency of its fossilization. The expression fossil beach will be
'eserved for a formation of greater geological age and separated
from the present beach by other topographic forms. Wher.e
dunes are superposed upon the beach, the upper limits of this
third beach zone are quite vague, though the theoretical line of
demarcation is where the sand is first accumulated by the wind.
Where clay bluffs are present at the water’s edge, the beach 1s

y close to the water’s edge; this is the case
Where the lower and middle beaches are very narrow because of
4 high gradient. Sometimes the lower or middle beach zone is
i by - tiny cliff; in such a case the upper beach may
Voot 1o the edge of this cliff. The limits of the upper
' as. of other beach zones, are constantly shifting. The
w.Wer limits are carried lakeward or landward by the waves of

es torms, but on the whole the lower limits are pushed out
;n‘).fe ¥ Biore lakeward, keeping pace with the advance of the
UOWer l?ea.ch. The Shifting of the wind causes variations in the
ffrf::’;lmxts, but on the whole the dunes likewise are commonly
Th . more and more lakeward, as will be shown further on.
€ three beaches, then shift from year to year with apparent
"Tegularit ’ ’ y

i3g9)  but there appears to be as a resultant a general pro-
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gressive movement of them all out into the lake. As a whole

the three beach zones slope gradually and somewhat evenly
upward, toward the dunes or bluffs beyond; depressions, how-
ever, are not at all uncommon, and at times they reach down
the water level, so that a beach pool results.

The life conditions are much less severe than on the middie
beach, and chiefly because of the freedom from the wave actios
of the winter storms. The exposure to the sun is almost as
great as on the lower zones, but there is more protection from
the wind because of the abundance of driftwood. The prote®
tive influence exerted by piles of débris is finely shown on the

beach at North Manitou island. The upper beach along the |
|

south shore of the lake is usually very sandy and comparativel)'
free from driftwood, while the North Manitou beaches are €0t
posed chiefly of gravel and shingle with heaps ot driftwood piled
about in the greatest confusion. The North Manitou flora 1S 0N
of marked luxuriance, compared with the more southern ty
and many mesophytic species are able to get a foothold in fhe
more genial conditions there obtaining. The decay of the driit
wood may also add no inconsiderable portion to the food mater
1als of the beach plants.

The flora of the upper beach is much richer than that of ¢
middle beach, both in species and 1n :ndividuals, but here "
there the vegetation is so sparse that the tone to the landscaft
1S given by the soil. In the region as a whole the most chard®

teristic species of the upper beach are Artemisia caudatd av
Canadensis *

dd !

0 aﬂd Beak'a

At nearly all places visited between Chicag
n abundan®

island Artemisia was present and commonly !
‘Another plant associated almost everywhere wit
S Cnicus Pitcheri; this thistle is seldom so common as Arte

but scattered specimens are pretty sure to be discovered OF

| . sdist
*Typical forms of both Artemisias have been found, as well as all inte™ dso~
’ abun l

radati it i ' ich 1 i
iitho ltons, and it is 'fl]l but hopeless to try to determine which is the m‘?es are pute”
ut careful examination of all the plants in time of fruit. Both spec!

C ‘ .
ent in beach and dune habitats, although 4. Canadensis is the more 5

b Artens?
misid
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upper beach. A species scarcely less important in this connec-
tion is the beach pea, Lathyrus maritimus, another marine plant;
locally the beach pea is often the dominant character plant,
especially northward. Three other species are character plants
over wide areas, as the above three are throughout. ZEuphorbia
polygonifolia is a character plant at many stations between Chi-
cago and Glen Haven; its absolute abundance i1s often as
marked on the upper as on the middle beach, though its relative
importance is much greater on the latter. Agropyrum dasysta-
chyum and Enothera biennis are as characteristic of upper beaches
northward as Euphorbia is southward ; Agropyrum especially 1s
usually a dominant character plant north of Glen Haven.

None of the above six species are confined to the upper
b.cach. Artemisia is found in most dune societies inland, espe-
cially in comparatively naked places. Cnicus is frequent on the
dune complex, though less abundant than on the beach, as 1S
?159 true of Artemisia. Lathyrus appears to be more restricted
W its habitat, and in that sense is more typical of the upper
:::f:s' t(‘)loughh it .sometimes occurs on clay bluffs. Euphorbia
s :e tﬂe middle beach and also on nake.d .dunes, though
upper gea:h Yo .Agr?p)’rum, though cl}ar.acterlstxc of norther‘n
e €s, 1s still more characteristic of the embryonic

: nothera occurs on oak dunes and commonly also as a
mesophyte.
mef;l::lt::ng?hllt it will be TNCH to emphasize one of. the funda-
tivel Pies of ecological plant groupings. It is compara-

Ive
pcrfey ISEIdom that any single species can be regarded as
“Uy characteristic of a fo

. rmation. while a group of five or
0 Species : Sde -

bormatiop alcan be so selected as to enable one to detect that
ibove siy SmO-St anywhere within a large area. No one of the
Upper beac}ljecies can be regarded as perfectly typical of the
‘0gether the\:?though Lathyrus approaches such a type, but
Other  10rm an assemblage that cannot be found in any
éexcept perhaps locally on the closely related
‘Pper beach ¢ ven on these beach dunes, which grade into the

he relative proportions existing between the above
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species are very different from those found on the beach, and
as will be shown later, plant species occur on these dunes whi
are absent from the beach altogether.

Of the six chief character species of the upper beach, three
((Enothera, Artemisia, Cnicus) are commonly biennials, Euphor
bia is an annual, while Lathyrus and Agropyrum are perennials
with decidedly social habits through extensive rhizome propag
tion. Thus the perennial habit is much less common ok the
upper beach than on the dunes. The three biennials pas
through the winter in the form of ground rosettes, tall shoots
being sent up in the spring. Cnicus has a noteworthy protective
covering of woolly hairs.

There are several plant species very characteristic of the
embryonic dunes on the beach, which also occur on the Up¥
beach proper, though rarely in great abundance. Notabl
among these plants are Ammophila arundinacea, and Elyms
Canadensis. Ammophila occurs about equally throughout, while
Elymus is much more characteristic northward ; indeed on the

Agropyrum or Artemisia. About Chicago Elymus 15 a¢0
character plant of the dunes, but rarely of the beach. Betwcﬂ;
Chicago and Muskegon Asclepias Cornuti is a frequent e
the upper beach. Calamagrostis longifolia, one of the chief chi*
acter plants of the active dunes, is sometimes found 0¥ e
beach, as are Solidago humilis Gillmani (plants large, but leaVi
not sharply toothed) and Lithospermum hirtum, which ar¢ ™

characteristic of rejuvenated dunes, fossil beaches,
Cakile Americana and Corispermum hyssopifolium 0ccut o .
abundant than on the middle beach, although the latter!
times a prominent upper beach type. The forms i

this paragraph are perennials, with the exception 0

g SOmE
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u
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All of the species discussed up to this time are herbs, passing
the winter near the surface of the soil or underneath it. The
exposure to which shrubs and trees are subjected during the
winter is so severe on the upper beach that few of the many dune
species have representatives there. The individual shrubs which
brave these conditions are relatively scattered, while the plant
body is stunted and bears signs of the severe environment pro-
vided by the beach. Much the commonest shrub, and the only
one which occurs throughout, is Prunus pumila, the sand cherry.
Poplars occasionally occur, Populus moniliferasouthward and Popu-
lus balsamifera (both the type and var. candicans) northward ; so
too, the willows, Su/ix Glaucophylla, adenophylla, and longifola.

The most striking feature of the plant life on the upper
beach is the difference in its development at different localities.
jfhe uxuriant flora of the north is in marked contrast to the
‘mpoverished flora at the south end of the lake. The Dune Park
beach, for example, is tenanted only by Artemisia, Cnicus, Cori-
SPErmum, and a few scattering plants of other species. Anupper
beach on North Manitou island showed a great abundance of
Elymus, Artemisia, Lathyrus, (Enothera, and Populus balsamifera,
together with thirty-four other species which were rare to fre-
Uent. - Among these other species several are of considerable
l;;tereStf Anemone multifida, which also occurs on the beach at
c;:‘::n@and and on sev.eral fossil beaches; Prenanthes alba,
the beachu-) ZOOfis and thickets but seemingly out of place on
On Similar’b quisetum /zyeifzale, wh.ich grows E.llmOSt any“{here-
R CElIChes at .Ernplre, Achillea Millefolium and Equisetum
arever;' abunl()i ants Wthh. never grow on the beach f;.irt.her so;tl:,
the forme, an.t, Arabis l?/mm and Polygonum mmoszs.szmum (2)2,
ks cxpofggwmg on the inland oak dunes about Chlcago,. occur

upper beach at the north end of Beaver island.

The r
beach;asons for this great luxuriance of the northern upper
“T€ ot obvious. It has been previously stated that the

STeater
May fural')undance of driftwood on the more northern beaches
R considerable protection. This cause seems hardly

.
A remay
Xable dwarf Polygonum with six stamens, very different from the type.



172 BOTANICAL GAZETTE | MARCE

adequate to account for the great differences, and it may be tha
climatic or other less apparent factors may have to be called
upon. The luxuriance of the northern forests as compared witk
those about Chicago may need in part a similar explanation.
Interesting beach conditions are to be found on some smal’
islands that have recently formed on reefs in the vicinity of
Beaver island. During the winter and spring blocks of ice laden
with stones are stranded on these reefs ; thus they are graduallj
built up to the lake level. Wave action comminutes the ree
materials forming a soil suitable for plant life; the waves and
winds also constantly add to the area of the islands. One st
island is about 200 meters in length, five or ten metersin width
and scarcely thirty centimeters high. The flora of this unp®
tected island is a swamp flora, 7. ¢., the island is in its entirety
hy dl'Ophytic beach. Another island, somewhat larger and con-
siderably older, has an altitude of one or two meters at its high
€st point. The beach toward the southeast, east, and northeast
is hy d'OPhy tic, while that toward the northwest, west, and soutl
west is Xerophytic, Undoubtedly the degree of exposure to the
wind is the chief cause which determines the nature of the flora
on this island. Not only is the wind more severe on the wcsf
beach, but the waves pile up more sand on that side of the islan.ﬂ
and hence produce a drier soil. The flora on this XCTOP.hync
upper beach is remarkably complete and diversified, showins :
distinct zonal distribution. Above the middle beach there 5
zone characterized by the dominance of Elymus Canadensts the?
a zone of Geranium Robertianum, then a zone of Artemusia QM.
densis, and ﬁndlly a zone in which Cornus stolonifera (or C. Boikf

‘to which it grades) is the chief character plant. S.cattf
ﬂﬂ”aw

more or less with these are Prunus pumila, (Enothera bie
;’us nariimus, Cnicus Pitcheri, A oropyrum dasystaclkyun’
us balsamifera, Py linaen safive and Geraniumt RoNTINNES
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Anemone multifida. The flora of this isolated island beach is
remarkably prolific; scarcely a single upper beach type is absent.
[t is obvious that the means of plant dispersal are so uniformly
successful, that almost an entire flora may be transported to a
newly formed island within a few years.

One other common feature of upper beaches should be men-
tioned. As noted above, there are irregularities in the slope of
the beach often resulting in depressions which reach below the
water level. Such depressions may be called beach pools and of
course have a hydrophytic flora; this flora, however, is not the
flora of a hydrophytic beach. Beach pools are relatively pro-
tected from the action of winds and waves; the chief difterence
from a hydrophytic beach is that the latter is washed by the fresh
waters of the lake, while the beach pools are far less constantly
“upplied with fresh water. The conditions in the latter approach
‘omewhat those of the ill-drained inland sloughs between the
sandy ridges. By far the most characteristic plant about the
pool margins is Juncus Balticus littoralis; this species is more
Xerophytic than most of its genus, and often creeps well up on
the xerophytic upper beach. 7riglockhin maritima, Potentilla Anser-

"2 and several species of Salix also occur about the margins of
the pools,

4. Fossil beaches.

: o regions where dunes are superposed upon the beach, por-
beach Mmay remain unoccupied by the wind-blown
PPearing as islands in a sea of dunes. Or a beach which
ex .en “overed by the dune-complex may later be uncovered,

.posmg the gravel and shingle of an ancient shore. In any
| tossil beaches, separated as they are from
by dunes, are more highly protected from the
the beaches which have been previously described.
lose little of their energy while sweeping up
°Pes of an ordinary beach, but their force is con-
n by a line of dunes. Fossil beaches which have
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The most extensive fossil beach observed was at Glen Haven,
where an area several hectares in extent has been denuded of ifs
covering of sand to help supply the extensive dune complex.
Similar but smaller fossil beaches were seen at Saugatuck and
North Manitou island. Associated with the fossil beach is
formation which may not represent a beach at all. In the
general description of the region, reference was made to the
high terrace-like bluffs along the northern portions of the |ake
shore. These miniature plateaux, from which former sand dunes
have doubtless been removed, exhibit a surface of gravel, which
produces the appearance of a fossil or a true beach. The mos
extensive of these flat gravel-topped hills are at Glen Haven;
similar but less extensive formations of this type were seen d
Frankfort and North Manitou island.

The floras of the fossil beaches and the gravel terraces 1%
meters above the present beach are essentially identical, although
the latter apparently have a greater exposure. Both the beaches
and terraces have a flora which resembles that of the upper beach
In a general way, but there is a pronounced decrease of most of
the typical beach forms and a pronounced increase of the more
inland types. Thus the flora clearly illustrates the greater Pi”
tection from exposure which is enjoyed on the fossil beach:
The Artemisias are as characteristic of the fossil beaches and
terraces as of the upper beach, but none of their five chief beacl
associates retain their prominence here. Cwuicus Pitchen OC'C"YS
frequently, but chiefly at the lower level; Euphorbia pg[}/gonlﬁ”
and (Znothera biennis were observed but rarely and only at i
lower level ; Lathyrus, Corispermum, and Agropyrum were n?t
found at all. In place of these upper beach plants the Artel
sias have a new crowd of associates. In general the tcrﬁf‘f‘
and fossil beaches have four dominant character plantS,Amm?
C‘f”ade’”z‘s (or A. caudata) as already named, Solidagy ,m.. i
Gillmani, Lithospermum hirtum and Andropogon Sco aris: b‘:h ;
dago and Lithospermum were noted as occurring at times OF
upper beach, but they are far more common here. AN

Was not observed on the true beach, but is very com
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fossil beaches and terraces, its scattered bunches or tufts form-
ing one of the chief landscape features.

On the more northern fossil beaches several species are almost
a5 characteristic as those named in the preceding paragraph.
Prominent among these forms are Zygadenus elegans, Campanula
rolundifolia arctica, and Arenaria Michauxii; northward these
t¥pes are almost wholly confined to the fossil beaches or terraces,
although Zygadenus is sometimes present on the upper beach.
dnemone multifida, Kelevia cristata (?) and Arabis lyrata occur
northward but are less frequent. A very interesting plant which
sometimes trequents fossil beaches is Hudsonia tomentosa, a species
noted for its habit of forming scattered clumps of densely
uited growths. Other occasional tenants of the terraces and
fossil beaches are FPopulus monilifera, Prunus pumila, Calamagrostis
longifolia, and Solidago nemoralis.
| While the fossil beach looks backward to a true beach history,
* commonly looks forward to a heath. Largely protected from
the accumulation of sand, they furnish a situation favorable for
fhe deVelOpment of a juniper-bearberry heath. Such heaths are
"l process of formation at Manistee, North Manitou and else-
Where, and wil be described in another place.

B. THE EMBRYONIC OR STATIONARY BEACH DUNES.

L. Dunes of rapid growth (primary embryonic dunes).

pluiw:fny ofthe lake winds which blow across the beach .have a sur-
e carrenergy’ and are able to select out the ﬁr%er grains of san.d
transpg { tl?em. tarther from the shore. The action of the wm.d in
are pipc kregtlon 1S a.nal()gous to that of water. The finer partl.cles
are blown Up bodily by the air currents, while the larger partlclclzs
IS met, s, or Tolled along on the beach. Whenever .an obstacle
wind.’ T}Zne orall of the load is necessarily deposited by the
obstace wi‘foarser pParticles are deposited upor} or al:.Jout t;lle
lee side.' A; e ey particles form a diminishmg trail on the
laden wind tioon a-s t he deposition is sufficient to rel.leve the f)vc:rS
With its | ' M€ trailing of sand ceases, and the wind continue

=ssened load unti) another obstacle is reached.  So long
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as the wind blows continuously from one direction, the mound of
sand keeps growing and the trail to the leeward becomes more
and more conspicuous. Indeed, the growth increment is oftes
greater during the later stages of a continuous wind current
since the growing mound of sand becomes more and more ai
obstacle to the progress of the laden wind. As a result of this
action, there appears a topographic form with a steep windward
side and a gently sloping leeward side.

When the wind changes, the trails of sand are no longerin
the lee of the obstacle, but are more or less exposed to the wind,
and hence are rapidly removed. The contour of the mound &
changed and there results, just as before, a topographic form,
steep to the windward but gently sloping to the leeward. It
will thus be seen that it is always possible in dry weather 0
determine the direction of the last sirong wind by observing the
position and direction of the leeward trails of sand. A clum'P
of grass with a poorly developed leeward trail may be seen If
the foreground of fig. 4.

Under ordinary conditions no permanent results follow from
such wind action as has been described, since one wind destroys
the products of another. There is, perhaps, a tendency for sand
to accumulate on the landward side of obstacles, since the en¢fE!
of the lake winds is likely to be greater than the energy of winds
from other directions. But no extensive dune formation €3

» .. d
occur on the beach, unless the obstacle, which COmPels the mﬂd
to deposit its load, is itself increasing in size. A mound s

and more?

which is being built up by the wind, becomes more
formidable obstacle to the progress of the sand-laden Cuf g
and it might be supposed that the growth of such 2 mouzc
would continue indefinitely. Such does not appeat % th
case on the beaches studied. The wind blows oVel e bcact
from so many directions and with such resistless £
mounds of sand rarely accumulate without the al
factors.

The formation of beach dunes, then, dependS pONAS y wib
more than wind and sand. An obstacle is needed wiit

Cﬂtst
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grow pari passu with the dune, and such an obstacle i1s furnished
by a number of perennial plants, which spread by means of rhi-
zome propagation. These dune-forming plants must be peren-
nials ; otherwise the dune would be destroyed at the end of the
growing season. Such annual dunes are very common on the
beach. Clumps of Cakile have been seen, about which there is
piled a miniature dune. In the same manner there may be
tormed biennial dunes about individual plants of Artemisia or
Cnicus. A perennial dune, however, requires perennial dune-
formers. A second necessity in a dune-former is the ability to
spread radially by rhizome propagation, for only in this way can
the area of the obstacle and the area of the dune be enlarged.
The only notable exception to this rule is found in the case
of cottonwoods and such perennial grasses as Andropogon and
Elym.“s; these plants grow in groups or tufts and will be
described later,

The plant which serves as an obstacle for the wind must also
f::s:ssdthe power of growing out into the light when buried by
3 rhilitzlo. This prope.rty permits the rise of the dune in altitude,
St a::e Propagation permits the increase in area. Most
B thCXCIUded by reasc.)n of this third requirement., partly
il becey are unable to rise above the sand when buried, and
| ause.stem elongation increases the difficulty of draw-

EXpos : :
Posure cannot live in such a habitat. In short, a successful

fo
r.mer must be able at any moment to adapt its stem to a

rse, be perfectly equipped with a set of the most
beach | °Phytic adaptations. Nowhere else except on the
'€ S0 great exposure to heat, cold, and wind.

The .
1ost typical and successful of all dune-forming plants
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along Lake Michigan is the sand reed, Ammophila arundinace.
The life history of an Ammophila dune will now be given, and
may be taken as the average life history of a stationary beach
dune. Whenever a tuft of this or any similar grass gets a foot-
hold on the upper beach, the sand drifts along and is lodged i
between the stems and leaves, as already described (see fore:
ground, fig. 4). The leeward trail of sand changes its position
as the wind varies its direction, but the sand deposited betwee
and around the blades of grass is not easily dislodged. The
radial propagation of the tuft of grass causes an areal extension
of the miniature dune. So, too, there is an increase in altitude,
since the grass constantly grows higher in its endeavor to lif
itself above the sand. This upward growth enables more saud.
to accumulate; in other words, the grass and the dune grow o
passu outwards and upwards. The result of several years of this
symbiotic growth of dune and grass may be seen in fig. 2 Whic.h
represents a small embryonic dune on the beach at South Che
cago, Ill. The general contour of the dune is seen to be det‘{‘
mined by the Ammophila; toward the left is the leeward trail
of sand left by the last wind. Fig. 3 represents an older and
larger Ammophila dune on the same beach, viewed from the
lakeward side and hence not showing any leeward trail of sand.
Not only is the general contour of this dune determined by the
Ammophila, but there will be observed a somewhat sinul®
trough toward the center, where there happens to be no veget
tion. This shows how readily the dune would be removed We
it not for the plant life present. Thus Ammophila 15 not 00y
an efficient dune-former but also a dune-holder.
While Ammophila is the most common dune-formet <
perhaps the best adapted for that difficult task of all ouf ‘:
shore plants, many other species play a similar role. On
northern beaches Agropyrum dasystachyum is very common 3 #
dune-former; its habit is exactly that of Ammophila, and coms®
quently needs no description. : Elymus Canadensts an
grostis longifolia may be regarded as dune-formers,
are of less importance than Ammophila and AngP)'mm"

but they
A
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typical Elymus dune, as found on the South Chicago upper

beach, is represented at the center of fig. 4. These grasses
grow in tufts and do not have any extensive vegetative propi
gation, but the tufts may be so close together as to act like 2
large social clump of Ammophila.

Certain shrubs are of almost equal importance as dune
builders with the grasses. Among these, the willows, Salis
adenophylla and S. glaucophylla, and the sand cherry, Prunus pumil
deserve especial mention. All of these shrubs have soctal
habits, and rapidly increase their area of control in all directions.
The willows are particularly well fitted to build up a pereﬂﬂial
beach dune. They are about as well adapted to a xerophyte
environment as are any of the grasses, and their vegetative
Increase is about as rapid. The fact that they are shrubs an
have a greater power of vertical stem elongation makes the®
even better fitted to rise above the sand. When a shoot of 0%
of these willows is buried, roots are sent out from all the buried
portions, even up as far as the floral axis. The willows, t00, Ca
be uncovered without suffering serious injury. In short,. the
species of Salix are able to adapt their stems to a root environ-
ment, or yice versa, better than any other plants found along the
coast. Hence the willows stand abreast of Ammophila s dunc-
formers. Another shrub that seems to have all the necessd’)
requirements for a dune-builder is Cornus stolomjfera .(0'.
Baileyr), though it is probably less fitted tfor a xerophytic b
however, Cornus dunes are by no means rare on the beach.- 5

The only trees which make any significant contributio? ©

onw
beach

of the willow type. Every year great numbers of 109
seeds germinate in protected depressions on the UpFE : for®
As the young plants grow rapidly, it is not long before the}

. hus *#

groups dense enough to retard the sand-laden winds: .T the
' : . 12€5

cottonwood dune is formed, a type which charactef 4 duse

Lake Michigan shore at very many places. A cottonwou
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a number of years old is shown in fig. 5. It 1s possible to s
even from the photograph, that the lower portions of the treesase
covered by the sand. The growth of a cottonwood dune, there
fore, is of a symbiotic nature, exactly as is the growth of &
Ammophila dune, in spite of the great difference between it
life habits of these two dune-formers.
" The controlling part which plants play in dune formation &
still further shown by the variations among the embryonic duns
as to area, shape, and height. Dunes that are formed by Agro-
pyrum, Ammophila, or Salix are capable of indefinite areal expar
sion, since these plant types have extensive vegetative propas
tion. Populus or Elymus dunes, on the other hand, always retail
essentially the same area, since there is little or no vegetative
reproduction, and since the opportunity for any further develop:
ment of seedlings is removed. Young seedlings are often found
in the moist sand of the depressions, but never in the dry sand
of the dunes. The Agropyrum dunes are always very low, st
dom if ever a meter in altitude. The Ammophila dunes are
higher because this latter plant type has a greater powWeT o
upward growth than has the former. Both the Agropyr®
and Ammophila dunes are alike in being relatively large &
low, with slopes almost as gentle as those of the beaci: |
Salix dunes are equally large, but higher and steeper because ¢
the greater power of upward growth. The Prunus dunes &
very small because of the slight vegetative propagatlon'
they are relatively high and steep because of the pro
power of upward growth. .
The cottonwood dunes are the highest of all, often havl“f
an altitude of several meters, because the cottonw00ds &
higher than any other dune-former; they are also the stecf
because there is no vegetative propagation. The .steep
4 cottonwood dune is shown in fig. 5, the marks |
the right are the paths made by the movement of
the steep slope, and indicate a gradient of about 30" The
and 3 indicate the gentle slope of the Ammophila duncst-le
cottonwood dunes are commonly long ridges parallel to t
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shore. This is partly due to the fact that the depressions in
which the seeds germinate are parallel to the shore, because of
wave action. The prevalence of lake winds perpendicular to
these ridges also helps these topographic forms to retain their
original shape, Summing up this matter, then, the area of a
beach dune is determined chiefly by the amount of the vegeta-
live propagation of its tenants, the steepness is determined by
the rapidity of this propagation, and the altitude by the power
of the dune plants to increase in height.

Of the dune-forming species, Ammophila arundinacea and
Salix adenophylla are the most abundant, occurring almost every-
Where that beach dunes exist. These two species are most at
home when half-buried in the wind-blown sand, and occur much
less frequently in other associations. Prunus pumila and Cala-
magrostis longifolia occur throughout the region, but are less
CharPICte.ristic of the beach dunes than are the first-named species.
;2‘;"2: :; C}(:mmon on the up}?er. beac:h., as already show.n,.and
e e zct.eath; Calamagrostis is particularly c.:haractenstlc of
Glea Hy. ve dunes.  Agropyrum dasystachyum 1s Very EOmmes

€ and farther north, and, like Ammophila, 1s most at

nes. Populus montlifera 1s very common

than the other types. This species is replaced
ome extent by Populus balsamifera and its variety
h sometimes on the same tree!), though this poplar
55 ol a dune-former than the cottonwood. Sa/iz

Rorthward to s
S much |

Characteristic of the swamps; the same may be said
LElymus Canadensis is not abundant any-

‘g corollary may be deduced from the last three
Since variouys dune forms are caused by differences

0 the lif :
.. '€ habits of the dune-forming species, it follows that the

d -

e of certaj
“tormers. Low dunes of the Agropyrum type
South end of the lake. The steep ridgelike
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cottonwood dunes are common southward, but rarer north

ward, since cottonwoods are rarer northward. This is only on
of the many cases where ecology helps to interpret physiography.

The dune-forming plants are not the only tenants of th
beach dunes. Most of the species that grow on the upper beack
are also frequently present on the dunes. Those of especia
importance are Artemisia Canadensis (or A. caudata), Cnids
Pitcheri, Lathyrus maritimus, Euphorbia polygonifolia, and Corspr
mum hyssopifolium. By reason of its extensive vegetative prop®
gation, Juncus Balticus littoralis sometimes serves as an obstacle
to sand-laden winds, and by a limited subsequent growth results
in the formation of miniature dunes. Lithospermum hurtum,
though more characteristic of embryonic heaths and rejuvenated
dunes, sometimes ventures out upon the beach dunes. It should
be likewise noted that any of the dune-forming species are likely
to grow on dunes that are formed in the main by others, althoug
the vegetation of individual embryonic dunes i1s often cornP‘”"ed
of a single species.

are parasitic, saprophytic, or epiphytic. Various uni
Basidiomycetes have been found in the most open places,
ing their nutriment from buried driftwood. The most 2%
parasite found was Aphyllon fasciculatum, a plant which derf“'ﬁi
its nutriment through attachment to the roots of Artems®
Lichens are abundant on the cottonwoods at all places that #%
not directly expos<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>